profiles of right open reading frame kinase genes were investigated for selected parasitic nematodes 34 and showed that these kinases are transcribed in developmental stages that infect their mammalian host. Parasitic diseases continue to be a substantial burden on human 46 and animal health worldwide. This burden is compounded by food 47 and water shortages as well as poor sanitation (Hotez et al., 2009) . 48 The World Health Organization (WHO) estimates that more than approved for use in humans in decades (Keiser and Utzinger, 60 2010 ). An alternative approach is to understand the molecular 61 and biochemical pathways in parasitic nematodes to guide future 62 discovery efforts. 63 Major advances in high-throughput sequencing have led to a 64 substantial expansion in the availability of genomic and transcrip-65 tomic data for parasitic nematodes in recent years. To date, the 66 draft genomes of Trichinella spiralis (clade I) (Blaxter et al., 1998); 67 Ascaris suum, Brugia malayi, Loa loa (clade III); Strongyloides ratti, (Ghedin et al., 2007; Abad et al., 71 2008; Dieterich et al., 2008; Opperman et al., 2008;  72 Jex et al., 2011; Kikuchi et al., 2011; Mitreva et al., 2011; 73 Desjardins et al., 2013; Laing et al., 2013; Schwarz et al., 74 2013; Srinivasan et al., 2013) . In addition to the extensive genomic 75 research linked to species of Caenorhabditis (e.g., Caenorhabditis 76 elegans Sequencing Consortium, 1998; Gupta and Sternberg, 77 2003), these draft genomes represent a massive resource for the 78 scientific community working on fundamental and applied aspects 79 of parasitic worms. 80 The benefits of these resources can now be realised through a bolic processes (Vanrobays et al., 2001; LaRonde-LeBlanc et al., 87 2005; LaRonde- LeBlanc and Wlodawer, 2005a; Granneman et al., 88 2010; Campbell et al., 2011; Widmann et al., 2012; Read et al., 89 2013 (Kannan et al., 2007; Manning et al., 2011). 99 In the present study, we extend previous studies of RIOKs of 100 selected strongylid nematodes (Hu et al., 2008; Campbell et al., 101 2011; Ansell et al., 2013) (Vanrobays et al., 2001; Angermayr and 111 Bandlow, 2002; Geerlings et al., 2003; Ceron et al., 2007; Simpson 112 et al., 2008; Granneman et al., 2010; Strunk et al., 2011; Widmann 113 et al., 2012; Esser and Siebers, 2013) . Recently, another study 114 (Read et al., 2013) has indicated that D. melanogaster riok-2 (Dme-115 riok-2) is involved in cell cycle progression through the regulation 116 of the Akt signalling pathway, suggesting that riok-2 might be part 117 of a complex cell-cycle signalling system. In spite of this information, 118 the essential roles of RIOKs have only been assumed for most organ-119 isms, including parasitic nematodes (Vanrobays et al., 2001; 120 LaRonde- LeBlanc et al., 2005; LaRonde-LeBlanc and Wlodawer, 121 2005a; Granneman et al., 2010; Campbell et al., 2011; Widmann 122 et al., 2012; Read et al., 2013 replicates (n P 3) for H. contortus and B. malayi (Jex et al., 2011; 184 Laing et al., 2013; Schwarz et al., 2013 Schwarz et al. (2013) , to filter the paired-end RNA-seq reads for (log 10 value 2-4) and high expression (log 10 value > 4) were defined. 204 Read counts were used as input data for edgeR (Robinson et al., tode species were created using MUSCLE-guided alignments 238 (Edgar, 2004) , and nematode-specific consensus sequences were 239 generated and displayed using WebLogo software (Crooks et al., 240 2004 RNA-seq datasets (Laing et al., 2013; Schwarz et al., 2013) . In both 311 datasets, the transcription level of Hco-riok-3 was slightly higher 312 compared with Hco-riok-1 and Hco-riok-2, and the transcription 313 levels of Hco-riok-1 and -2 were similar and consistent throughout 314 the parasite's development (Fig. 2) . No major differences in tran-315 scription for any of the rioks were detected between the adult 316 females and males of H. contortus. Also, in B. malayi (Ghedin 317 et al., 2007) , transcription levels for the rioks were relatively con-318 sistent throughout development, with highest levels in adult 319 females (Fig. 2) . In A. suum, the transcription of all three genes 320 was highest in the egg stage and, for Asu-riok-3, it was relatively 321 consistent throughout development. We observed a slight eleva-322 tion in transcription of Asu-riok-2 in L4s, but did not detect any dif-323 ference in transcription for any of the rioks between the two sexes 324 of A. suum (Fig. 2 ). representing distinct nematode clades (Blaxter et al., 1998) 339 (Supplementary data S1-S3) (Fig. 4) . For individual RIOKs, the pro- Cel-RIOK-1 and -3 that were not included in the initial Cel-RIOK Cel-RIOK-1-C-DUF (kinase regulator activity, transmembrane trans- Table S2 ). Dieterich et al., 2008; Opperman et al., 2008; Jex et al., 2011; 426 Mitreva et al., 2011; Desjardins et al., 2013; Laing et al., 2013; 427 Schwarz et al., 2013; Srinivasan et al., 2013 endocytosis, fertility and fat storage (Fraser et al., 2000; Ashrafi 437 et al., 2003; Rual et al., 2004; Sönnichsen et al., 2005; Balklava 438 et al., 2007; Ceron et al., 2007) . Although the shorter Cel-riok-1b 
449
Preliminary experiments have predicted lethal null mutations in Fig. 3 . Caenorhabditis elegans riok-1 (Cel-riok-1) splice variant. The structures of the Cel-riok genes (Cel-riok-1a and Cel-riok-1b) are shown (black blocks represent exons and the connecting lines represent introns, using a 100 bp scale). Different functional regions are indicated within the exon blocks by coloured bars and show their locations in the mature protein (red for the ATP binding region, orange for the catalytic region and green for the metal binding region). Mus musculus and Homo sapiens) (Krylov et al., 2003; Liao and 509 Zhang, 2006; Larracuente et al., 2008; Wang and Zhang, 2009 which states that transcription levels are positively related to gene compactness and the 'genome design' model (Vinogradov, 2004) (Manning et al., 2002) . kinases (Xu et al., 1999; Malakhova et al., 2008; Li et al., 2012) . The RNA processing (Vanrobays et al., 2001; Schäfer et al., 2003; 600 LaRonde- LeBlanc and Wlodawer, 2004; Granneman et al., 2010; 601 Ferreira-Cerca et al., 2012; Read et al., 2013 Calleja et al., 2009; Green et al., 2008; Hirai et al., 2010) .
627
In the present study, we were guided by results from previous 628 investigations (Hu et al., 2008; Campbell et al., 2011; Ansell 629 et al., 2013) of RIOKs in strongylid nematodes. We showed that 630 these riok genes are active during the parasitic stages. In addition, 
